Investigating Changes of Biometric and Chemical Characteristics of Populus sp. Wood in Radial and Longitudinal Axes in Chalus  by Veisi, Afshin et al.
 IERI Procedia  8 ( 2014 )  87 – 92 
Available online at www.sciencedirect.com
2212-6678 © 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer review under responsibility of Information Engineering Research Institute
doi: 10.1016/j.ieri.2014.09.015 
ScienceDirect
2014 International Conference on Agricultural and Biosystem Engineering 
Investigating Changes of Biometric and Chemical Characteristics of 
Populus sp. Wood in Radial and Longitudinal Axes in Chalus 
Afshin Veisia* , Ali Veisib, Ramin Farsic
a,cFaculty of Natural Resource, Borujerd Branch, Islamic Azad University, Boroujerd, Iran 
bM.A. Gradated of Islamic Azad University, Chaloos Branch, Iran 
Abstract 
In this paper, biometric and chemical characteristics   of   Populus sp. wood and changes of them have been studied and 
analyzed with respect to the trees’ radial and longitudinal axes. In this research, three healthy trees   of   Populus sp. were 
selected and cut in Chalus. Three discs were chosen from every tree and they involve specific parts like breast, half of tree 
height and beneath canopy. Experimental samples have been prepared from heart to bark and duramentoalburain order to 
measure biometric characteristics (fibre length, cross-section dimensions) and data resulting from two desired axes have 
been statistically analyzed. Research findings indicate that the length   of   Populus sp. yarns increases from heart to bark 
within radial axis but there is an irregular increase in longitudinal one. Regarding changes   of   fibre cross-section 
dimensions (fibre diameter, fibre cavity diameter and fibre wall thickness) in radial axis, regular, regular and irregular 
increases are to be observed for them, respectively and in longitudinal one, there are irregular, regular and irregular 
increases. Also, with respect to biometric coefficients such as Rankle, flexibility and mix up in the radial axis, changes of 
decreasing and irregular increasing and irregular increasing trends have been seen while in longitudinal one, these changes 
have been decreasing, decreasing and increasing ones, respectively. Considering chemical changes of Populus sp. wood 
from bottom to top, irregular decreasing, irregular decreasing and regular increasing changes were reported for such 
extractives as lignin, cellulose and ash, respectively. 
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1. Introduction 
It has been clearly shown that wood has been able to support lots of past human communities. It has had a 
variety of applications involving ship construction, housing, paper manufacture, plywood industry, fuel and 
vehicles. 
Populus sp. is regarded as a species growing all over the world and due to its fast-growing feature and 
suitable quality, it plays significant roles in wood agriculture and is introduced as a valuable and industrial 
one. Therefore, paying attention to its characteristics along with recognizing and gathering more information 
on all related fields can enable us to apply it and other trees correctly. Given that wood production concerning 
industrial and forest species is limited in Iran while the country needs are significantly increased, studies on 
the species and their applications may prevent from the waste and vanishing of country industrial species and 
improve their applications. 
In this research, Populus sp. species has been investigated and the most important qualitative features 
including fiber dimensions (length, cavity diameter, wall thickness) and biometric coefficients (Rankle, 
flexibility, mix up) as well as chemical characteristics (extractives, lignin, cellulose, ash) with regard to radial 
and longitudinal axes have been statistically analyzed. In this regard, some experts have conducted several 
studies as follows: 
DoostHosseini and ParsaPjoh (1996) studied the changes of Carpinus betulus biometric characteristics 
regarding radial and longitudinal axes of tree and found that Carpinus betulus tree has longer yarns in those 
parts which are adjacent to bark and the curve of its changes is of an increasing trend in radial axis while tree 
has shorter yarns at the top of tree concerning the height as compared to bottom. 
GolpoorLasky (1998) investigated the changes of yarn length concerning Alnus serrulata species with 
respect to radial and longitudinal axes in jungles of Nooshahr and results showed that yarn length is of 
ascending and decreasing trends for radial and longitudinal axes, respectively. 
Cole (1966) has measured the soluble extractives amount in alcohol-benzene and realized that heartwood 
and long leaf wood may be more than the measured extractives of Pinus eldarica and Pinus Teda.  
Seifi (2001) conducted several studies on Pinus eldarica wood and calculated chemical compounds’ means 
as 52.62, 27.9, 1.64 and 0.47% for cellulose, lignin, extractives and ash, respectively. 
Veisi (1999) addressed the changes of biometric characteristics for Parrotia persica in radial and 
longitudinal axes and the obtained findings demonstrated that yarn length is irregularly increased in radial 
axis but it has a decreasing trend in longitudinal one. Dimension variations (diameter, cavity diameter, wall 
thickness) are irregularly increasing in radial axis while they may be of decreasing, decreasing and increasing 
trends in longitudinal one, respectively. Biometric coefficients (Rankle, flexibility and mix up) show 
decreasing, decreasing and increasing trends for both axes. 
2. Materials and Methods 
According to the principles of D143 standard ASTM (1990), the desired trees have been specified and 
marked randomly as natural and healthy ones in Chalus. After numbering them, determining the cutting 
location and drawing geographical directions on the trunks, three selected trees were cut. Afterwards, three 
discs with the diameter of 30 cm have been prepared from each tree in order to take the experimental samples. 
Their distances involved breast as 1.30 m, middle height (L/2) and beneath canopy. Then, geographical 
direction was marked on the disc surface in order to avoid moisture exchange with the environment and 
moisture evaporation from the wood surface and consequently, cracks of bottom sections. Discs’ cross-
sections were painted by the means of a paint brush and then, they were put in plastic bags. It should be 
explained that discs having low thickness were chosen in order to calculate moisture content percent (%MC) 
of Populus sp. accurately. Afterwards, they were put in the melted paraffin to keep the moisture content. Thus, 
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three discs have been obtained from every tree base. In total, 9 discs which were named as D1, D2 and D3 
from bottom to top were prepared. 
To take experimental samples, the desired discs were moved to a woodworking workshop and after 
specifying geographical directions on disc surface, they were encoded. It should be remembered that the 
encoding of samples has been done from heartwood to bark. Sampling was performed from left to right as tree 
(T), disc (D) and replication (R) randomly by the help of four geographical directions and then, directions 
were omitted. 
To perform the experiments of biometric characteristics, some samples were taken from upper surface of 
disc which is of lower thickness. Samples have been prepared from cubic pieces in the directions of north and 
south and separately, east and west with the dimensions of 1×1×1 cm. Among these samples, the most normal 
one was randomly selected and then, they were formed as wooden slices with the dimensions of 0.2×0.2×1 
cm and its strip’s direction was 1 cm. Samples were put in a Micro counter to analyze the yarns. It should be 
noted that in the experiments of biometric characteristics, 10 tubes were totally selected from each disc. 
Selection was randomly done since duramen and albura were not clear. 
For chemical experiments, the prepared discs were cut into 5 cm ones and then, these discs have been sent 
into the laboratory in order to perform chemical analyses. Meanwhile, principle of Tappi-T257-mo-85 
standard was implemented to provide the required wood flour (American Principles and Standards). 
In order to determine tracheid length of wood samples, Franklin method has been utilized but technique 
and consumption amount of its material have been altered in a manner that separation of fibres has been 
conducted through breaking fibre tracheid by the enhanced use of Glacial Acetic acid having the 
concentration of 100%, Acetic acid and hydrogen peroxide with the ratio of3 to 1. Wood samples as strips and 
slices with the dimensions of 0.2×0.2×1 cm were put in Micro counter and a specific code was specified for 
Micro counter. Afterwards, the pre-prepared solution of Acetic acid and hydrogen peroxide was poured into a 
calibrated pipette twice more than samples. Micro counter was placed on an iron at almost 60°C (58-62°C) for 
24 to 48 h and after that, wood samples were whitened. 
3. Results 
Based upon Table 1 and multi-sided ANOVA of independent elements and interactions, it has been 
concluded that concerning biometric characteristics, fibre diameter and fibre cavity diameter have no 
meaningful difference at probability level of 5% but for the others, it was meaningful. 
To determine independent effects of discs’ location for fibre diameter and fibre cavity diameter, it was not 
meaningful but it was a meaningful difference for fibre wall thickness, yarn length, flexibility, Rankle and 
mix up coefficients. 
To determine independent effects of discs’ locations and trees, all biometric characteristics were 
meaningful.
In this paper, biometric characteristics and ANOVA have been analyzed and based upon table 2, there 
were no meaningful relationships between biometric characteristics’ means in top, middle and bottom discs at 
probability level of 5% for fibre cavity diameter and fibre diameter. With respect to yarn length, wall 
thickness and flexibility, mix up and Rankle coefficients, this relationship is meaningful at probability level of 
5%. 
Table 1 Multi-sided ANOVA test of all elements and trees 
 Yarn 
length 
Cell diameter Wall 
thickness 
Flexibility
coefficient   
Mix up coefficient Rankle coefficients
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Independent 
effects of trees 
* n.s n.s * * * 
Independent 
effects of discs’ 
location
* n.s n.s * * * 
Relationships of 
discs’ location and 
trees 
* * * * * * 
ns: non-significant  
*: significant at probability level of 5% 
Regarding biometric characteristics, a significant difference exists between third, first and second discs 
concerning yarn length but no significant difference is observed between first and second ones. Furthermore, 
a significant difference is found between second, first and third discs with regard to fibre wall thickness but 
there is no significant difference between first and third ones. Regarding flexibility coefficient, a meaningful 
difference is shown between first, third and second discs while a meaningful one is demonstrated between 
first disc and second and third ones concerning Rankle coefficient. In addition, for mix up coefficient, a 















Samples n.s n.s n.s n.s n.s n.s n.s 
Discs * n.s * n.s * * * 
Trees * n.s * n.s * * * 
ns: non-significant  
  *: significant at probability level of 5%  
 Considering one-sided ANOVA of wood samples taken from heart to bark, some differences are more 
likely to be found as follows: 
Regarding biometric characteristics of fibre length, fibre diameter, fibre cavity diameter, wall thickness 
and Rankle, flexibility and mix up coefficients, meaningful changes have not been demonstrated. 
Changes were not meaningful for fibre cavity diameter and fibre diameter while they were meaningful for 
yarn length, wall thickness, Rankle, flexibility and mix up coefficients. 
It should be stated that with respect to chemical features, although cellulose, lignin and ash have had 
meaningful changes at probability level of 5% , extractives’ changes were not meaningful. 
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4. Discussion and Conclusion 
Length changes’ curve of Populus sp. has a regular increase from heart to bark in radial axis. Given that 
growth ring width is less within albura but it is of more width in duramen, growth ring having more width is 
more likely to have shorter yarns. 
Panshin and Dezeeuw (1970) studied the changes occurring in longitudinal axis and observed an irregular 
increase from bottom to top. According to Duncan test, a meaningful difference is to be found so that this 
difference can be seen between third disc and first and second ones. In longitudinal axis, an increasing trend 
exists for Alnus sp., Carpinus betulus and Parrotia persica species from heart to bark while it is an irregular 
one in longitudinal axis as well as Populus sp. 
Diameter changes’ curve of fibre, fibre cavity and fibre wall thickness for Populus sp. has regular increase, 
regular increase and relatively regular increase from yarn to bark in radial axis. Considering the fact that 
mature wood amount is more than juvenile one in albura as compared to duramen, mature wood has more 
fibre diameter, fibre cavity diameter and fibre wall thickness in albura in comparison with duramen. Of course, 
these changes are not meaningful on the basis of Duncan test. 
In longitudinal axis of the studied trees, changes of biometric coefficients (Rankle, flexibility and mix up) 
show regular increasing, regular decreasing and decreasing trends and this difference is meaningful. 
With respect to the fact that mix up coefficient has a direct relationship with yarn length, as fibre length 
increases, this coefficient is increased; on the other hand, Rankle coefficient is directly related to fibre wall 
thickness so that its increase leads to an increase in Rankle coefficient. 
Here, considerable changes cannot be seen for the mentioned trends due to these characteristics’ 
dependence on previous ones. 
Extractives’ changes (%) are irregularly decreased from bottom to top in longitudinal axis because there 
are more yarns and more duramen. As duramen amount increases, extractives’ amount will be increased.  
Concerning the species of Populus sp., extractives’ amount is very high which can be found for fast-
growing species according to Thor’s studies. 
Lignin changes (%) have an irregular decreasing trend in longitudinal axis due to the existence of mature 
woods, autumn wood and more reactions at the bottom along with more lignin amount in the wall.  
Lignin amount is relatively high in Populus sp. wood but it reaches to almost 42% in Poplar since wall 
thickness is high or due to habitat factors, it can be computed as 27% for Pinus eldarica. 
Cellulose changes (%) show an irregular decrease from bottom to top in longitudinal axis since wood and 
wall texture is more at the bottom and cellulose amount (%) is higher.  
Cellulose amounts have been computed as 55 and 52% for Populus sp. And  Pinus eldarica due to the 
formation of gelatinous wall which is usually seen in such species as Populus and Eucalyptus. 
Changes of ash amount indicate a regular increase from bottom to top due to the existence of juvenile 
wood in upper parts of the tree and because ash percent has a direct relationship with dry specific mass so that 
the increase of mass will result in the increase of ash percent. 
Ash percent was calculated as 0.46 and 0.47% for Populus sp. And Pinus eldarica, respectively which was 
almost equal since cell walls are large and extractives’ amount is high in these species. Certainly, habitat 
conditions and environmental elements can affect these rates. 
At last, regarding the conducted studies, it can be concluded that this species is able to have a variety of 
applications in different industries like paper, cellulose and pulp because of fast-growing and suitable 
biometric characteristics including long yarns and more cellulose.  
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